Background-Several decades of research link childhood parental loss with risk for major depression and other forms of psychopathology. A large body of preclinical work on maternal separation and some recent studies of humans with childhood parental loss have demonstrated alterations of hypothalamic-pituitary-adrenal (HPA) axis function which could predispose to the development of psychiatric disorders.
INTRODUCTION
Psychosocial stressors, such as childhood parental loss, have long figured prominently in theories and research on the pathogenesis of major depression and related disorders (1) (2) (3) (4) (5) (6) (7) (8) . Neurobiological systems that regulate stress reactivity are likely involved in the vulnerability to psychiatric disorders following exposure to childhood parental loss. Corticotropin-releasing hormone (CRH) and the hypothalamic-pituitary-adrenal (HPA) axis are activated in response to stress and are thought to play an important role in the pathophysiology of major depression (10) (11) (12) , and other stress-related psychiatric disorders (13) (14) (15) (16) (17) . A large body of work in rodents and non-human primates demonstrates that early maternal separation results in changes in brain circuitry regulating stress reactivity, mood, and behavior, with associated exaggeration or attenuation of HPA axis activity (22) . The direction and pattern of such HPA alterations may depend on the nature and timing of the stressor (22) (23) (24) .
Unlike other forms of childhood stress, parental death, and to a lesser degree parental desertion, is a discrete and objective event that may be minimally influenced by recall bias or subjective judgments. However, as with other forms of childhood adversity, the study of parental loss is complicated because 1) the nature and timing of such losses is highly variable, 2) individuals with parental loss may suffer from psychiatric disorders which can have associated changes in HPA axis function, and 3) parental loss may be linked to other risk factors for psychiatric disorders, which may themselves contribute to HPA axis dysfunction, such as poverty and childhood maltreatment.
Children who experienced permanent or long-term separations from parents or parental death have been found to have increases in basal salivary cortisol concentrations (25, 26) and cortisol nonsuppression in the dexamethasone-suppression test (27) , but decreased morning cortisol concentrations are seen in some cases of separation (25) and in studies of institutionalized children (28) (29) (30) . Two recent studies of university students with less severe forms of loss have found attenuation of the cortisol response to corticotropin releasing hormone (CRH) stimulation in subjects with a childhood history of parental divorce (31) and a decreased awakening cortisol response in students with a history of either parental separation/divorce or death of a very close friend or relative (32) . However, reports of adults with a history of childhood parental death have found increased basal (33, 34) or psychosocial stress-induced cortisol concentrations (35, 36) . Leucken and colleagues found that this effect was moderated by the rearing environment such that participants with parental loss who reported low levels of care by the surviving parent (35) or childhood maltreatment (36) had elevated cortisol responses to the speech stressor. Only a few studies have controlled for factors which are associated with parental loss and may themselves be associated with abnormalities in neuroendocrine function, including current and past psychiatric disorders (26, 31, 33, 34) , relationships with parents (33, 35, 36) , socioeconomic status (31) , and childhood maltreatment (31, 36) .
In the present study we administered the dexamethasone/CRH (Dex/CRH) test, a sensitive probe of HPA axis function (39) , to healthy adults with a history of childhood parental loss, and assessed effects of potential confounding factors. We hypothesized that parental loss would be associated with elevated ACTH and cortisol responses and that the quality of parental care would moderate these effects.
METHODS AND MATERIALS Subjects
Eighty-eight adults with no current Axis I psychiatric disorder participated in this study. Flyers and advertisements on the Internet and in local newspapers for several thematically and methodologically related studies advertised for 1) healthy adults, and 2) individuals with a history of early parental loss, and 3) adults with a history of early-life stress. Participants were included in the present study if they met the inclusion and exclusion criteria detailed below. Subjects underwent physical and neurological examinations, an electrocardiogram, and laboratory studies for complete blood count, electrolytes, thyroid stimulating hormone, urine toxicology, and urinalysis. Subjects were excluded if they worked night shifts, met criteria for a current Axis I psychiatric disorder, or if they had one or more of the following conditions: acute or unstable medical illness, a history of brain injury, seizure disorder, endocrine disease, or substance abuse. Also excluded were individuals undergoing treatment with drugs which might influence HPA axis function, including psychotropics, beta blockers, angiotensinconverting enzyme inhibitors, ketoconazole, metyrapone, and corticosteroids. Subjects were free of these medications for at least two weeks (6 weeks for fluoxetine) prior to participation. Oral contraceptives were allowed. All subjects gave voluntary written informed consent to participate in this study, which was approved by the Butler Hospital Institutional Review Board.
Forty-four individuals who had experienced either parental death (N=19, Parental Death group) or prolonged separation or desertion of a parent (N=25, Parental Desertion group) before the age of 18 were considered to have parental loss (Loss group). Participants were considered to have prolonged parental separation or desertion if they identified a parent as having left them without attempting to contact them or responding to attempts at contact for at least six months. Table 1 shows the details of the loss characteristics for these groups.
The Loss group was matched with respect to sex to 44 subjects with no childhood parental separation, including divorce (No Loss group). In order to minimize the likelihood of childhood stress in this group, participants who reported a history of childhood neglect or abuse were not included in this group. A Parental Loss variable was created that included three categories: Parental Death, Parental Desertion, and No Loss. Demographic characteristics for all subjects are presented in Table 2 .
Measures
Socioeconomic Adversity-Socioeconomic adversity in the childhood home was determined if participants scored in the adverse direction on either of the following true/false statements: 1) I grew up in an area of high crime and, 2) My family was generally financially stable when I was growing up, and all of my basic needs (food, shelter, and clothing) were met during my childhood.
The Structured Clinical Interview for DSM-IV (SCID; (40))-Current and lifetime history of Axis I psychiatric diagnoses were assessed using the SCID for DSM-IV.
The Childhood Trauma Questionnaire (CTQ;(41))-The 28-item version of the CTQ was used (42) to ensure that the No Loss comparison subjects did not have a history of childhood maltreatment (defined as a moderate or severe score on any of the CTQ subscales including emotional abuse, physical abuse, sexual abuse, emotional neglect and physical neglect).
Parental Bonding Instrument (PBI; (43))-The PBI, which assesses the childhood experience of parental care and overprotection for each parent, has good reliability and validity (44) . The care dimension was used for the present study because previous work has identified low parental care and neglect as important determinants of psychiatric and neuroendocrine sequelae following childhood parental loss (4, 5, 35) . Low scores on the care subscales may be indicative of neglect; maternal care and paternal care on the PBI are highly negatively correlated with the maternal neglect and paternal neglect subscales of the Childhood Experience of Care and Abuse Questionnaire (r=−.80 and r=−.70, respectively, 56). Average ratings for the mother and father were calculated (parental care). Scores for only the surviving parent were used for four participants with a history of parental loss who did not have information on the loss parent..
The following additional self-report measures were included to further characterize the groups: (1) Inventory of Depressive Symptomatology-Self Report (IDS-SR; (45)), (2) State-Trait Anxiety Questionnaire (STAI; (46)), (3) Perceived Stress Scale (PSS; (47)), and (4) the Tridimensional Personality Questionnaire (TPQ; (48)).
The Dex/CRH Test
On a subsequent visit, subjects completed the Dex/CRH test as follows. On the night before the test, a single oral dose of dexamathasone 1.5 mg was self-administered at 11:00 p.m. The following day, participants arrived at 12:00 p.m., were given lunch, and queried about whether they had experienced any somatic symptoms, stressors or changes in usual habits over the preceding week. Participants who reported any significant aberrations had the visit rescheduled. Topical anesthetic cream [EMLA (lidocaine 2.5% and prilocaine 2.5%)] was applied to the subject's forearm between 12:30 and 12:45 p.m. At 1:00 p.m. an indwelling intravenous (IV) catheter was inserted in the forearm by a research nurse with extensive experience with IV catheter placement. Subjects then remained in a semi-recumbent position throughout the procedure except to use the bathroom. They were permitted to read or watch preselected films that did not contain emotionally-charged material. Vital signs were monitored throughout the test. At 2:30, 3:30 and 4:30 p.m., subjects completed visual analogue rating scales (VAS) that assessed the degree to which they felt a number of mood states, including "anxious," "depressed," "fearful," "irritable," "nervous" and "sad." All scales were anchored from 0 = not at all to 100 = most ever.
At 3 p.m., CRH 100 μg (corticorelin ovine triflutate, Acthrel®, Ferring Pharmaceuticals, Inc.) reconstituted in 2 ml 0.9% sodium chloride was infused intravenously over 30 seconds. Blood samples were drawn at 2:59 p.m. and every 15 minutes thereafter until 5:00 p.m. Samples were immediately stored on ice, centrifuged within 45 minutes, and then stored at −80° C for assay of ACTH and cortisol. ACTH assay was performed on samples drawn at 2:59 p.m., 3:30 p.m., 4:00 p.m., 4:30 p.m., and 5:00 p.m. Plasma ACTH was assayed in duplicate 200 ul plasma samples using an immunoradiometric assay (49) according to the manufacturer's instructions (Scantibodies Laboratory, Santee, CA). The minimum detectable ACTH concentration was 2 pg/ml, and the intra-and inter-assay coefficients of variation for this series of assays were 4.6% and 5.3%, respectively. Cortisol assays were performed on samples from 2:59 p.m., 3:30 p.m., 3:45 p.m., 4:00 p.m., 4:15 p.m., and 5:00 p.m. The GammaCoat cortisol I-125 coated-tube radioimmunoassay (RIA) kit (INCSTAR Corp., Stillwater, Minn.) was used to measure cortisol at each time point. The intra-assay and inter-assay CVs observed for quality assessment samples (5 and 20 ug/dl) were less than 5% and 10%, respectively.
Statistical Analyses
Analyses were conducted using SPSS 14.0 for Windows. All analyses were two-tailed with alpha set to 0.05. ACTH and cortisol values, as well as age and IDS-SR, were positively skewed and were therefore log-transformed. Parental Care was negatively skewed and was therefore log-transformed after subtracting individual values from the highest score plus one. Repeated measures general linear models were used to determine whether there were changes in ACTH, cortisol, and mood state over time in the Dex/CRH test. For all general linear models, Wilks' Lambda was used for multivariate tests, and Mauchly's Test of Sphericity followed by HuynhFeldt corrections was used for within-subjects effects. Some of the VAS scales showed a change in mood state during the test, so we created a composite variable to use as a covariate in later analyses. "Anxious distress" was composed of the mean of the VAS scales "anxious," "nervous," and "irritable". The area under the curve (AUC) for this variable was computed.
To test the main hypotheses, repeated measures general linear models were used to predict ACTH and cortisol responses to the Dex/CRH test over time with the following independent variables: age, sex, socioeconomic adversity, Parental Loss, and Parental Care. Additional models tested effects of potential covariates.
RESULTS

Participant Characteristics
Characteristics of the participants according to loss group are shown in Tables 1 and 2 . Participants with parental desertion were younger on average at the time of loss (t= 2.78, df= 42, p<.01) and were more likely than those with parental death to report a history of emotional abuse and socioeconomic adversity ( Table 2) .
Neuroendocrine and Mood Changes in the Dex/CRH Test
The general linear models testing neuroendocrine changes over time in the Dex/CRH test were significant for both ACTH and cortisol (F(4, 76)=62.1, p<.001; F(5, 83)=114.9, p<.001 respectively). While there were no changes in the VAS items "sad" or "depressed" over time in the test, the items "anxious," "fearful," "irritable," and "nervous" increased in response to the Dex/CRH test (p's < .05). The composite variable "anxious distress" also increased in the test; however this variable did not vary as a function of Loss group.
Parental Loss and Neuroendocrine Response to the Dex/CRH Test
For ACTH, there were no significant main effects or interactions of the Parental Loss variable in the repeated measures model predicting ACTH over time (p's >.08; Figure 1 ). For cortisol, there were significant within subjects effects of Parental Loss group and parental care, and interactions of Loss group with Parental Care. In addition, there were significant between subjects effects of Parental Care and an interaction of Parental Loss by sex (Table 3 ). Figure  2 shows that there were increased cortisol responses in the Death and Desertion groups in comparison with the No Loss group. The interaction between Loss group and sex was due to the effect of loss being more pronounced among males. Post-hoc analyses were conducted to characterize the nature of the within-subjects interaction of Loss group and parental care as described below.
First, within-group analyses testing the effects of parental care on cortisol over time were performed. These showed a significant effect of parental care over time in the Desertion group (p<.01), a marginal effect in the Death group (p=.06), and no effect in the No Loss group (p=.
To further explore this interaction effect between Loss group (a categorical variable) and parental care (a continuous variable), a post-hoc analysis was conducted using a categorical variable that encompassed the loss and care variables as follows. Parental care was dichotomized at the median of 23 for the Loss groups (because the association with parental care was found only in the Loss groups), and participants in each Loss group were categorized as to whether they high or low on the parental care variable (Loss/Care groups: Desertion/Low Care N=16, Desertion/High Care N=9, Death/Low Care N=6, Death/High Care N=13). The No Loss participants were all grouped together; 43 of the 44 scored above the Loss-group median for parental care and the remaining subject scored only one half point below the median (i.e., consistent with a "high care" designation). Analysis of variance (ANOVA) with post-hoc Tukey HSD tests of scores on parental care for these five groups revealed that in addition to the expected significant differences on parental care between the high and low Care groups, the Desertion/Low Care group had significantly lower parental care scores than the Death/Low Care group (Table 4 ). An additional model testing this grouping as a predictor of cortisol response to the Dex/CRH test controlling for age, sex, and socioeconomic adversity, revealed a significant within-subjects effect over time (F(10, 197)=2.16, p=.02) and a significant between-subjects effect (F(4, 76)=2.72, p=.04). There was no interaction with gender. Figure  3 shows that the Desertion/Low Care group had the lowest cortisol concentrations, and the remaining loss groups had elevated cortisol concentrations in the Dex/CRH test.
A large proportion of the participants in the Desertion group had multiple stressors, termed "compound stress" in addition to low levels of parental care (Tables 2 and 4) , however, an exploratory analysis of the effects of this variable on cortisol response was not significant (p=. 24). Table 5 shows the scores on the measures of subclinical symptomatology and perceived stress according to loss group. In comparison with the No Loss group, the Loss groups had significantly higher scores on several scales despite not meeting the criteria for an Axis I psychiatric disorder. Table 6 shows the frequencies of past Axis I disorders according to Loss group. The Parental Death subjects had significantly more lifetime Axis I disorders than the No Loss group (p=.001), but this difference did not reach significance for the Parental Desertion group (p=.06).
Subclinical Symptoms, Stress, and History of Psychiatric Disorder
Effect of Parental Loss Controlling for Potential Confounds
Additional models were conducted to control for the factors that differed between the groups and might account for the association of parental loss with cortisol response. These models tested the effects of the anxious distress VAS variable, history of Axis I disorder, childhood maltreatment on the CTQ, subclinical depressive symptoms, perceived stress, harm avoidance, novelty seeking, reward dependence, and trait anxiety. The effects of Parental Loss group and parental care remained after controlling for each of these factors.
Given that we included a broad range of loss experiences, further analyses were conducted to determine whether characteristics of the loss, such as age at the time of parental loss, might influence the findings. In repeated measures general linear models, age at loss was not a significant predictor of ACTH or cortisol responses to the test, even after controlling for current age, gender, and socioeconomic adversity (p=.40 and p=.38, respectively). Next, we attempted to make the Parental Death and Desertion groups more homogeneous by including only those subjects with Parental Death due to illness/disease and those with permanent Parental Desertion (see Table 1 ). The subject who was adopted at age 6 months was also excluded from these analyses since this may have differed from other forms of separation/desertion. The findings for ACTH and cortisol were unchanged, and the effects of the Loss/Care variable also remained. An additional model was tested which excluded the five control subjects with a history of major depression. In this model, there were again no effects of Loss group or parental care on ACTH and the effects and interactions for cortisol, and the effect of the Loss/Care grouping remained.
Finally, we conducted further analyses aimed at determining whether oral contraceptive (OC) use altered our findings. Of the 57 female participants, 25 were taking OCs, including 16 of the 29 (55%) in the control group, five of nine (56%) in the Death High Care group, zero of two females (0%) in the Death Low Care group, one of five females (20%) in the Desertion High Care group, and three of nine (25%) in the Desertion Low Care group. Women using OCs had significantly higher cortisol (p=.01), but not ACTH curves, than women not on OCs. However, after excluding women on OCs, there continued to be no significant effects of Loss group or care on ACTH, and the prediction of cortisol concentration with Loss group and care and their interactions, as well as the Loss/Care variable, remained significant.
DISCUSSION
In this study we found that childhood parental loss is associated with alterations in adult neuroendocrine function and that this effect was moderated by the reported quality of parental relationships. Both childhood parental loss and HPA axis abnormalities have been implicated in the etiology of mood and anxiety disorders. Findings from the current study are consistent with the hypothesis that childhood parental loss may lead to altered neuroendocrine reactivity. The findings were not accounted for by effects of current or past Axis I psychiatric disorders, current depressive or anxious symptomatology, perceived stress, temperament, socioecononomic adversity, mood changes during the test, or reported childhood maltreatment.
The overall finding that parental loss was associated with increased cortisol responses to the Dex/CRH test is consistent with prior reports of increased cortisol concentrations in subjects with a history of childhood parental death (26, 27, (33) (34) (35) (36) . However studies of other forms of parental separation, most of which have involved institutionalized children, have usually found attenuated cortisol concentrations (28) (29) (30) (31) . Other forms of childhood adversity have also been linked to both increases (14, 57) and decreases (32, 55) in basal and provoked cortisol concentrations. It has been speculated that characteristics of the stressor such as the type, duration, intensity, or developmental timing may determine the direction of HPA axis abnormalities.
Our findings highlight how the specific nature of the stressor may determine whether cortisol reactivity is exaggerated or attenuated. While overall we found that parental loss was associated with increased cortisol concentrations in the Dex/CRH test, the interaction with parental care indicated a more complex relationship. Our post-hoc analysis of this interaction revealed that subjects with parental desertion and very low levels of parental care showed attenuation of their cortisol response. More than half of our participants with desertion and low care had compound stressors including socioeconomic adversity, multiple losses and foster care, and other forms of childhood maltreatment. This is in contrast to the group with parental death and low care in which there were fewer subjects with compound stress and the levels of care were not as low. The attenuation of cortisol response in subjects with parental desertion and very low levels of parental care is consistent with findings of low basal salivary cortisol concentrations in some studies of orphanages (28) (29) (30) ). An expanding literature in animals and humans indicates that other forms of chronic stress or deprivation may lead to dampened HPA axis reactivity (38, (50) (51) (54) (55) . Although the mechanism for such hypo-reactivity is unknown, it has been postulated that chronic HPA axis activation could lead to counterregulatory mechanisms such as receptor down-regulation, increased negative feedback sensitivity, and reduced biosynthesis or depletion of hormones at various levels of the HPA axis (38, 52) . However, given that we did not find significant effects for ACTH, changes in sensitivity or morphology of the adrenal cortex are more consistent with the present findings.
These findings contrast with those of a study by Luecken (35) , in which university students with a history of death of one parent during childhood had increased cortisol levels following a speech stressor only if they reported low levels of care on the PBI by the surviving parent. In addition to the difference in the nature of the HPA challenge used, differences in sample composition are likely to account for these discrepant findings. In the study by Luecken all subjects were university students, parental death but not desertion was studied, and the level of parental care on the PBI did not differ for the loss and control groups.
Our finding that, overall, the neuroendocrine effect of parental loss was greatest in males should be interpreted in light of the fact that in most cases, the loss parent was the father. This is consistent with findings by Flinn and colleagues (1996) in which abnormalities of basal salivary cortisol concentrations were seen in father-absent males, but not females. It is possible that the effect of paternal loss is most stressful for males. Alternatively, males and females may have different patterns of neuroendocrine sequelae of parental loss, with males having alterations of adrenocortical sensitivity, glucocorticoid receptor signaling or other regulatory components of the HPA axis, whereas effects in females could depend on other social or psychological influences. Kendler and colleagues (53) recently found that childhood parental loss was a more potent predictor of risk factors for depressive episodes in males compared to females. Age at the time of parental loss could also influence neuroendocrine and behavioral outcomes, although we did not find a significant effect of age at loss or duration of loss in our analyses. While some investigators have found that the likelihood of developing a mood disorder following childhood parental loss is greater when the loss occurs during early childhood (1), others have not found such an association (6).
Limitations of this study include the possibility that the sample may not be representative of the general population given the modest sample size and the recruitment method which included advertisements for subjects with a history of childhood stress. While childhood neglect may sometimes result from parental death and other forms of maltreatment such as physical and sexual abuse may be linked to some cases of parental desertion, our method of recruitment likely resulted in a higher percent with childhood maltreatment than in the general population. In addition, we included a broad range of loss experiences so that specific effects of more homogeneous experiences may have been obscured. The cross-sectional design and retrospective nature of the measures employed limit our conclusions regarding causal effects of childhood parental loss. It is also possible that other factors, such as additional contextual factors or risk genes which might co-vary with parental loss, could explain our neuroendocrine findings.
In conclusion, results of this study indicate that individuals who experienced childhood parental loss have alterations in cortisol responses to the Dex/CRH test. This study demonstrates the importance of assessing multiple sources of early-life adversity when modeling effects on neuroendocrine function. Table 2 for additional effects in this model). Abuse or neglect considered present when the Childhood Trauma Questionnaire subscale score reached threshold for "moderate" or "severe."
Compound stress considered present when three or more of eight stressors were reported: multiple loss, foster care, socioeconomic adversity, and reported abuse or neglect on each of the 5 types of maltreatment. Parental care scores according to the Loss/Care grouping. Compound Stress was considered present when three or more of eight stressors were reported: multiple loss, foster care, socioeconomic adversity, and reported abuse or neglect on each of the 5 types of maltreatment. Chi square analyses were conducted to compare the Loss/Care groups on Compound Stress. Due to small Ns, the three High Care groups were considered together, and were found to differ from the Death Low Care group (*p<.005) and the Desertion Low Care Group (**p<.001). 
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